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Àííîòàöèÿ. Ðåøåíà òðåõìåðíàÿ çàäà÷à îïðåäåëåíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî
ñîñòîÿíèÿ è îöåíêè óñòàëîñòíîé äîëãîâå÷íîñòè âðàùàþùåãîñÿ äèñêà ïåðåìåííîãî ñå-
÷åíèÿ ïîä äåéñòâèåì àýðîäèíàìè÷åñêèõ è öåíòðîáåæíûõ íàãðóçîê â äèñêå è ëîïàòêàõ.
Íà îñíîâå èçâåñòíûõ êðèòåðèåâ ìíîãîîñíîãî óñòàëîñòíîãî ðàçðóøåíèÿ ïîëó÷åíû ðàñ-
ïðåäåëåíèÿ äîëãîâå÷íîñòè ïî ñå÷åíèÿì äèñêà â ïîëåòíûõ öèêëàõ íàãðóæåíèÿ. Îïðå-
äåëåíû îïàñíûå ñå÷åíèÿ è ñðîêè çàðîæäåíèÿ óñòàëîñòíûõ ïîâðåæäåíèé â äèñêå.

Abstract. The problem of determining the stress-strain state is solved and fatigue
durability is estimated for the rotating disk of various cross sections under centrifugal
loads. Durability distributions are obtained based on the known multiaxial fatigue criteria
along the disk cross sections for the �ight loading cycles. The dangerous cross sections and
the terms of the fatigue damage generation are determined.
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Ðåøàåòñÿ çàäà÷à îïðåäåëåíèÿ òðåõìåðíîãî íàïðÿæåííî-äåôîðìèðîâàííîãî
ñîñòîÿíèÿ è îöåíêè óñòàëîñòíîé äîëãîâå÷íîñòè âðàùàþùåãîñÿ äèñêà ïåðåìåí-
íîãî ñå÷åíèÿ ïîä äåéñòâèåì àýðîäèíàìè÷åñêèõ è öåíòðîáåæíûõ íàãðóçîê â äèñ-
êå è ëîïàòêàõ äëÿ ïîëåòíûì öèêëîâ íàãðóæåíèÿ (ìàëîöèêëîâàÿ óñòàëîñòü). Âû-
âåäåíà óïðîùåííàÿ ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé äëÿ ðàñ÷åòà íàïðÿ-
æåíèé, äåôîðìàöèé è ñìåùåíèé â äèñêå ìàëîé, íî çíà÷èòåëüíî èçìåíÿþùåéñÿ
ïî ðàäèàëüíîé êîîðäèíàòå, òîëùèíû. Íà âíåøíåì êîíòóðå äèñêà çàäàâàëèñü
ïåðåìåííûå è ïåðèîäè÷åñêèå ïî óãëó ðàäèàëüíûå íàïðÿæåíèÿ, êîòîðûå ìîäå-
ëèðîâàëè öåíòðîáåæíîå âîçäåéñòâèå îò ëîïàòîê è áûëè ñîãëàñîâàíû ñ íèì ïî
àìïëèòóäå. Ó÷èòûâàëèñü ðàñïðåäåëåííûå öåíòðîáåæíûå íàãðóçêè â ñàìîì äèñ-
êå. Àýðîäèíàìè÷åñêèå äàâëåíèÿ ðàññ÷èòàíû íà îñíîâå ãèïîòåçû ¾èçîëèðîâàí-
íîãî ïðîôèëÿ¿ ñ èñïîëüçîâàíèåì èçâåñòíûõ ðåøåíèé îá îáòåêàíèè ïëàñòèíû
ñ îòðûâîì ïîòîêà [2-3]. Ïðåäëîæåíà è ðåàëèçîâàíà ÷èñëåííàÿ ñõåìà ðåøåíèÿ
ïîëó÷åííîé æåñòêîé ñèñòåìû óðàâíåíèé [1].

a) b)

Ðèñ. 1. Ñå÷åíèå äèñêà è ðàäèàëüíîå ðàñïðåäåëåíèå äîëãîâå÷íîñòè.

a) b)

Ðèñ. 2. Ðàäèàëüíîå ðàñïðåäåëåíèå íàïðÿæåíèé ïðè z = 0 ïîä ëîïàòêîé

Ôîðèà ñå÷åíèÿ äèñêà ïðè z > 0 ïîêàçàíà íà Ðèñ. 1a, â ðàñ÷åòå ïðèíèìàëîñü:
÷èñëî ëîïàòîê N0 = 32, óãëîâàÿ ñêîðîñòü âðàùåíèÿ ω = 6001/s, ïàðàìåòðû
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Ëàìå λ = 78MPa, µ = 44MPa, ïëîòíîñòü ρ = 4370kg/m3 Íà îñíîâå êðèòå-
ðèåâ ìíîãîîñíîãî óñòàëîñòíîãî ðàçðóøåíèÿ [4] áûëè ïîëó÷åíû ðàñïðåäåëåíèÿ
ëîãàðèôìà äîëãîâå÷íîñòè logN(r) (êîëè÷åñòâà öèêëîâ äî ðàçðóøåíèÿ) ïî ðà-
äèàëüíîé êîîðäèíàòå äëÿ òèòàíîâîãî ñïëàâà ñ ïðåäåëîì óñòàëîñòè ≈ 350MPa,
(Ðèñ. 1á). Îïðåäåëåíû îïàñíûå ñå÷åíèÿ è ñðîêè çàðîæäåíèÿ óñòàëîñòíîãî ðàç-
ðóøåíèÿ â äèñêå. Íà Ðèñ. 2 ïîêàçàíû ðàñïðåäåëåíèÿ êîìïîíåíò íàïðÿæåíèé ïî
ðàäèàëüíîé êîîðäèíàòå ïîä ïðàâûì êðàåì êîðíÿ ëîïàòêè (à) è ïðè z = 0 (á).
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